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[bookmark: _Toc35827437]CHAPTER 1.0 INTRODUCTION
[bookmark: _Toc35827438]1.1 Aims 
The aim of this report is to compare and contrast various vehicle chassis and suspension design features and their behavioural characteristics. This report will look into how handling and comfort are affected by vehicle design and setup choices. Data will be analysed using excel to understand the effect of different scenarios a car undergoes. 
[bookmark: _Toc35827439]1.2 Vehicle Specification

	Mass
	628
	kg

	Wheelbase
	2.8
	m

	Centre of Gravity Height
	0.36
	m

	Static Weight Distribution (Front)
	47
	% Front

	Static Weight Distribution (Left)
	51
	% Left

	Cl
	-0.62
	

	A
	1.2
	m2

	Air Density
	1.223
	kg/m3

	Centre of Pressure
	42
	% Front

	Average Track
	1.62
	m

	Maximum G
	1.5
	G



In this report a set of vehicle specifications have been given and will be entered into excel to create data and graphs that can be analysed and investigated. 
1.1 

[bookmark: _Toc35827440]CHAPTER 2.0 RESEARCH
[bookmark: _Toc35827441]2.1 Handling and Comfort
Ride and handling are important properties in a vehicle. Ride is mainly the degree of separation from the road surface and vehicle ride is more comfortable when more separated from the road surface. Handling is the responsiveness from the driver steering input and the ease that a driver can become synchronised with the car, and the vehicle reacting predictably. However, handling and comfort are often either ends of a spectrum where the need for improvement in one conflicts with the other. In general, neutral soft suspension will increase ride quality and stiff, aggressive suspension will improve the handling. Comfort can be affected by movement of the vehicle such as roll, squatting and pitching of the car body. Therefore, the purpose of the vehicle will influence the suspension design along with various other factors that affect a cars handling and comfort. (Jiang and Wang 2015) (Riley 2019) 
[bookmark: _Toc35827442]2.2 Natural Frequency 
Suspension setup for handling or comfort is affected by numerous features on a car such as tyres, suspension geometry and spring rate. One way to analyse suspension is using natural frequency of the springs. Higher natural frequency means the springs return to its neutral form faster after a compression improving responsiveness of the car but reducing comfort. For lower natural frequencies the opposite is applied, and the car is more comfortable. In typical passenger cars the frequency is around 0.5-1.0 Hz, Rally cars and high-performance road cars can be seen with up 2.0Hz and in extreme high downforce race cars like Formula cars can be seen with 3.5-5.0Hz. Ride is considered comfortable for people when the frequency is within 1-1.5Hz and explains why most passenger cars fit within this target. (Rajeev and Sudi 2019) (Riley 2019)
[bookmark: _Toc35827443]2.3 Suspension Geometry and Setup
Setup and geometry involves components such as dampers, springs and roll bars and geometry setting involves changing geometry such as camber and toe. Changing these geometries often either favours straight line stability or cornering ability, with stability offering comfort and improved cornering ability improving handling.  Setting up dampers for handling or comfort means choosing how quick rebound and compression occurs. Quicker rates means more responsive suspension and slower rates mean more comfortable ride. Camber is the angle of the wheel to the road and can be utilized in cornering characteristics on a more handling orientated car, with negative values on the front wheels improving cornering as the car rolls onto the tyre maximizing the contact patch during a turn. Toe angle is the angle the wheels are pointing when looking from above the wheel. Toe in will give a car more stability and toe out will improve steering response. A component commonly found in cars are anti rolls bars which stops roll in corners keeping the car level and all wheels in contact with the floor. (Torque Cars 2015) 






[bookmark: _Toc35827444]2.4 Weight Distribution
Weight distribution is an important factor in the handling of a car. It is affected by factors such as centre of gravity and its height, roll, yaw and pitch inertia, component placement and design of the car. Centre of gravity (also known as the centre of mass) is the average location of the weight of an object. When it comes to cars the centre of gravity is favourable around the centre of the car. To improve handling of a car the lower the centre of gravity the better, usually done by lowering the ride height of the car, to compensate for the body lean by keeping the car close to the floor in high speed turns and reducing load transfer. When talking about static weight distribution it is often aimed for a near balanced distribution around 50/50 when favouring handling. This is because when cornering the weight needs to be distributed evenly so that the car rotates without understeer or oversteer. Over and understeer can be compensated for by increasing weight on the front or rear of the car as these two problems are created by an imbalance of grip on the front and rear of the car. More weight on the affected side offers more grip. Track and wheelbase affect weight distribution with track affecting weight distribution laterally and wheelbase affecting it longitudinally. Wheelbase also affects yaw characteristics. Tyres on a car often work best when the car has near 50/50 weight distribution because the more load on a tyre, the less coefficient of friction there is. If the load is uneven one tyre will lose friction faster than the others. (CJ Pony Parts 2020) (Engineering Explained 2015) (Build Your Own Race Car 2020) (Nozaki 2008)
[bookmark: _Toc35827445]2.5 Tyres and Wheels
Tyres allow for a car to grip the road surface. Higher performance tyres offer more grip and therefore allow for increased cornering speeds, better acceleration and braking. The tyre’s grip level often depends on the compound, tread pattern and structure. Cars with bigger tyre sidewalls will often experience better ride and comfort due to the dampening in both road surface and noise that is created from having a thick tyre. Therefore, the smaller the tyre wall the more responsive the car is.  The size of the wheel can affect the ride and handling of a car. Wider wheels and tires offer more traction. Less unsprung mass, either affected by material choice or wheel size, has multiple benefactors such as more control from the suspension of movement and the engine will use less power to move the wheel. (Pirelli 2016) (Riley 2019) 
[bookmark: _Toc35827446]2.6 Aerodynamics  
Aerodynamics affect multiple properties in vehicles, including comfort and driving characteristics. Good aerodynamics lead to noise reduction, improved ventilation, stability and handling improvement. Cars can be designed for reduced drag with streamlined design that reduces force resistance from the air. Cars can also be designed with areas that create reduced lift. For example, a rear spoiler would be a common component to reduce lift. In performance and racing cars negative lift is important because it increases the speed in corners. This is often achieved by multiple spoilers and devices around the car that aim to reduce lift. (Lajos 2002)  
[bookmark: _Toc35827447]2.7 Standard Road Vehicle
A standard road vehicle aimed at the average consumer will favour comfort over handling but still consider handling. This means the suspension will be soft and the vehicle will have a high centre of gravity. It’s likely to have smaller wheels by width with standard tyres with a larger sidewall that dampens out bumps and vibrations and aerodynamics to reduce noise inside the cabin. The weight will be distributed more towards where the engine is placed and not as factored in as much other characteristics. Cars with neutral steering characteristics can easily oversteer if encouraged and therefore designers create a car with a degree of understeer in order to avoid oversteer. The cars handling ability would not be a problem for most drivers as they wouldn’t consider it a need and the car is unlikely to experience harsh driver inputs and high cornering speeds. (Riley 2019) 
[bookmark: _Toc35827448]2.8 High Performance Road Vehicle 
A high-performance vehicle will favour handling over comfort whilst still considering comfort. This means the suspension will be stiffer and the geometry balanced for cornering and straight-line speed meaning the ride will be harsher with more feeling of the road surface but still comfortable. The car will be engineered for a low centre of gravity and will have well balanced weight distribution. The setup will most likely favour oversteer in its design when pushed. The vehicle will have aerodynamic features that increase negative lift for increased cornering speed. This setup for handling over comfort is acceptable because the car is designed for drivers who enjoy driving and are willing to be more encouraging in pushing the car’s limits. 
[bookmark: _Toc35827449]2.9 Competition Vehicle 
A competition vehicle will completely favour handling over comfort with little to no consideration of comfort. This means the suspension will be extremely stiff and the geometry will usually be favoured for cornering. The ride won’t be comfortable, and the car will be as low to the ground as possible. The car will have well engineered weight distribution most likely near 50/50. The car will feature complicated aerodynamics that create high amount of negative lift. This is designed this way because the car is designed to achieve the fastest time around a circuit with high cornering speeds and responsiveness allowing the driver to achieve this by sacrificing comfort. 
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[bookmark: _Toc35827451]3.1 Applied Accelerations



[bookmark: _Toc35827452]3.2 Combined Acceleration
Combined Lateral and Longitudinal Acceleration



Long G
Lat G

[bookmark: _Toc35827453]3.3 Geometry Variation 

[bookmark: _Toc35827454]CHAPTER 4.0 ANALYSIS[image: ]
[bookmark: _Toc35827455]4.1 Applied Accelerations Analysis
The graph showing change in lateral G shows how vertical load on the sides of the vehicle changes as the lateral acceleration increases. The result is a linear increase where, when acceleration increases, load increases on all 4 sections of the car. The lines for all sections share an anomaly at 1.05g where the gradient increases up until 1.35g and reduces back to a similar rate before 1.05g. The two areas with the most load is the rear sections. This is because there is more weight distributed onto the rear at 53%. The looking at the distribution of load from left to right shows that the left side has greater load with lines in 1st and 3rd highest values compared to the right side has 2nd and 4th highest values. This is because there is marginally more weight on the left side of the car at 51%. The graph showing change in longitudinal G is similar in nature to the graph showing change in lateral acceleration, with linear lines sharing similar gradients and an anomaly at the same values of 1.05g and 1.35g. The distance in values of load between the front and rear is greater at 1.50g than it was at 0g. Compared to the change in lateral g where the distance of values is lesser at 1.50g then it was when it was at 0g. Noticeably the change in lateral acceleration is greater than the change in longitudinal acceleration. This could be because the wheelbase is larger than the track and therefore laterally the load has less distance to travel and distributes more load compared to longitudinal acceleration. The graph showing change in velocity shows an exponential increase in load as velocity increases with the rear of the car having a steeper gradient. This could be because the centre of pressure is greater on the rear of the car at 58%. The reason for an exponential increase could be explained by the equation for aero load  where the velocity is squared meaning as the velocity increase by 5 m/s, the aero increases by 25, then 50, 75, then 100 (and so on) between each increment. 

[bookmark: _Toc35827456][image: ]4.2 Combined Acceleration Analysis 
The graph showing combined acceleration with a combined maximum value of 1.5g show that as one axis of acceleration increases the other decreases. It also shows part of a traction circle where if any value is outside the quarter circle the vehicle would lose grip. The graphs comparing load transfer and acceleration show that during combined acceleration an increase in one load transfer will increase with the same axis’s acceleration and decrease with the opposites acceleration. For example, as longitudinal transfer increases, longitudinal g increases and lateral g decreases. The reason that 1.5g can’t be achieved on both axis at the same time can be explained by Pythagoras’s theorem where  and if “a” and “b” are 1.5;
 c=2.12G. 2.12G is greater than the stated maximum G in the vehicle specification in the introduction of 1.5G and in theory the vehicle would lose traction as the its outside of the traction circle displayed in the combined acceleration graph. 

[bookmark: _Toc35827457][image: ]4.3 Geometry Variation Analysis
The graph showing change in centre of height shows that a lower of centre of gravity results in less load transfer. This means that the vehicle would be able to achieve higher values of lateral acceleration as the tyres would be under less lateral load transfer. The graph showing change in average track shows that the wider the track, the less load transfer there is laterally. This could be because there is greater distance for the weight to be distributed during lateral acceleration. A wider track therefore means that a vehicle could withstand higher lateral acceleration because the load on the vehicle is smaller. Lastly the graph showing change in wheelbase shows that the greater the wheelbase is the less longitudinal load transfer occurs. This means the same as the change in track where there is more distance for load to be distributed meaning it could take more load longitudinally. 

[bookmark: _Toc35827458]CHAPTER 5.0 CONCLUSION
In conclusion the chassis and suspension systems were researched and analysed. The findings from research were that multiple features on a car are influential on the handling ability of a car. Then an investigation into load on a car during different scenarios including acceleration and cornering found that load increases when acceleration both combined and in one direction are applied to the vehicle. Vehicle geometry was also changed to see the effect on the cars load transfer, and it was found that by changing the cars design that it can positively affect the car reducing load transfer. During this investigation into vehicle balancing has gained a further understanding on handling and how it is affected by numerous features on car. 
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Lateral Transfer (N)



1.5	1.45	1.4	1.3499999999999999	1.2999999999999998	1.2499999999999998	1.1999999999999997	1.1499999999999997	1.0999999999999996	1.0499999999999996	0.99999999999999956	0.94999999999999951	0.89999999999999947	0.84999999999999942	0.79999999999999938	0.74999999999999933	0.69999999999999929	0.64999999999999925	0.5999999999999992	0.54999999999999916	0.49999999999999917	0.44999999999999918	0.39999999999999919	0.3499999999999992	0.29999999999999921	0.24999999999999922	0.19999999999999923	0.14999999999999925	9.9999999999999242E-2	4.9999999999999239E-2	0	0	0.38405728739343037	0.5385164807134506	0.65383484153110139	0.74833147735478855	0.82915619758885017	0.90000000000000036	0.96306801421291144	1.0198039027185573	1.071214264281428	1.1180339887498953	1.1608186766243904	1.2000000000000004	1.235920709430828	1.2688577540449524	1.2990381056766582	1.3266499161421603	1.3518505834595778	1.3747727084867523	1.3955285736952865	1.4142135623730954	1.4309088021254188	1.4456832294800963	1.4585952145814822	1.4696938456699071	1.4790199457749043	1.4866068747318506	1.49248115565993	1.4966629547095767	1.4991664350564951	1.5	


Change in Centre of Gravity Height 

Centre of Gravity Height 0.26m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	1483.1266666666668	1334.8140000000001	1038.1886666666667	889.87599999999998	741.56333333333339	593.25066666666669	444.93799999999999	296.62533333333334	148.31266666666667	0	Centre of Gravity Height 0.36m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	2053.56	1848.204	1437.4920000000002	1232.136	1026.78	821.42399999999986	616.06799999999998	410.71199999999993	205.35599999999997	0	Centre of Gravity Height 0.46m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	2623.9933333333333	2361.5940000000005	1836.7953333333335	1574.396	1311.9966666666667	1049.5973333333334	787.19799999999998	524.79866666666669	262.39933333333335	0	Lateral Acceleration (G)


Lateral Load Transfer (N)




Change in Average Track

Average Track 1m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	3326.7672000000002	2994.0904800000003	2328.7370400000004	1996.06032	1663.3836000000001	1330.70688	998.03016000000002	665.35343999999998	332.67671999999999	0	Average Track 1.62m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	2053.56	1848.204	1437.4920000000002	1232.136	1026.78	821.42399999999986	616.06799999999998	410.71199999999993	205.35599999999997	0	Average Track 2.24m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	1485.1639285714286	1336.6475357142858	1039.6147500000002	891.09835714285703	742.58196428571432	594.06557142857139	445.54917857142851	297.03278571428569	148.51639285714285	0	Lateral Acceleration (G)


Lateral Load Transfer (N) 




Change in Wheelbase

Wheelbase 2m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	1663.3836000000001	1497.0452400000001	1164.3685200000002	998.03016000000002	831.69180000000006	665.35343999999998	499.01508000000001	332.67671999999999	166.33835999999999	0	Wheelbase 2.8m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	1188.131142857143	1069.3180285714288	831.69180000000017	712.87868571428578	594.0655714285715	475.25245714285717	356.43934285714289	237.62622857142858	118.81311428571429	0	Wheelbase 3.6m	1.5	1.35	1.05	0.9	0.75	0.6	0.45	0.3	0.15	0	924.10200000000009	831.69180000000006	646.87140000000011	554.46119999999996	462.05100000000004	369.64079999999996	277.23059999999998	184.82039999999998	92.410199999999989	0	Longitudinal Acceleration (G)


Longitudinal Load Transfer (N)




image2.png
000
5000
20000
2000
20000
120000
150000

100000

200

2m

2000

1000

1500

2400

Veritical Load (N)

Change in Lateral G

\

o

15 03

0as 05 075 03
Lateral Acceleratan(G)

105 135

Changein Longitudinal G

15

\

VerticalLoads )

w750
7m0
1550
1500
1550
1500
2450
2400

015

03 0as 05 075 0s
Longitudinal ccelerstion ()

1

05 13

Change in Velocity

15

—

0 s

10

15
Velocity (m/s)

=

=

E

Veritical Loads ()

—
—n
—

—

—
—
—

—

—
—n
—

—




image3.png
Combined Late ral and Longitudinal Acceleration

Late

R IR g $ 5P PP
FISF LI LSS PP

Longitudinal Transfer vs Longitudinal
G

Lateral Transfer vs Longitudinal

50
20
1500
200

() sisueseupmIo)

1500

2000

s00

]

wsT
ot
met
mrt
et
ot
w0
wso
wco
wso
wso
wvo
meo
wzo
wro
oo

() msues sz

s00

0

wst
ot
met
mrt
et
ot
wso
wso
wco
wso
wso
o0
meo
wzo
wro
oo

Longitudinal 6

Longitudinal 6

Longitudinal Transfer vs Lateral G

1500

Lateral Transfer vs Lateral G

() ey eupuns Buoy

50

[

)

mst
P
e
wot
0T
oot
wet
ast
et
mrt
et
wot
wso
o
aesn
oo

2000

mst
s
ot
wot
0T
oot
wet
ast
et
mrt
et
wot
wso
o
aesn
oo

S0

) e fessie

Lateral &

Lateral 6




image4.png
Change in Centre of Gravity Heizht

000
£ 20000
2 amn0
H ——CanvearGray Heli
5 s oz6m
H ——CanvearGraiy Heli
2 oo RS
£ om ——Canrsorravy Hei
= oaam
T
Lateral Acceleration (G)
Change in Average Track

=00
= 2o
B oo
E 2000
c ——hvergge Track m
B 150000
K —huersge Track157m
g oo ——perage Track 2 24m
5 so000

T
1523520508 075 05 045 02015 0
Lateral Acceleration (G)
Change in Wheelbase

=m
= 1600
£ 2am
B o
5 00
B T
S e
o —tmsbme 26m
3 —tmsbme 35m
2o
I

15 135105 09 075 0 045 03 035 0
Longitudinal Accelerstion ()




image1.png
Prifysgol Cymru
; Y Drindod Dewi Sant

< University of Wales
Trinity Saint David




